SUMMARY : Lactose-fermenting (lac+) mutants were isolated from a non-lactosefermenting (lac-) strain of Escherichia coli, strain 0 110, by the replica plating technique. When high dilutions of a 24 hr. broth culture of the strain were plated on Endo agar, to give discrete colonies, secondary lac+ colonies began to appear in the initially lac-colonies after 3 days' incubation ; after 10 days, over 50 yo of colonies contained secondary lac+ colonies. Twenty serial subcultures were made in broth containing lactose, each subculture being incubated for only 6 hr. to prevent selection of lac+ mutants from exhaustion of other nutrients while exposing the bacteria to lactose during many generations. When heavy inocula from the final subcultures were plated on Endo agar, no more lac+ colonies appeared than from control platings of broth cultures which had not been exposed to lactose. An R variant of the lacstrain of E. coli, strain 0 110, was found to assimilate lactose to a considerable extent without fermentation; the original S form possessed this capacity only t o an insignificant extent.
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The question whether lac+ variants of Bacterium coli mutabile arise by spontaneous mutation or by adaptation is not yet solved definitively. Some authors (Monod, 1952;  Ryan, 1952) maintain that mutation is a necessary preliminary to enzymic adaptation. Other authors (Dean & Hinshelwood, 1954) have concluded that the lac+ variants originate by an adaptive process, and that the necessary key structures enabling the bacterium to adapt do not have to arise de novo in the course of the immediately observable history of the bacterium, but might have arisen at an earlier stage in the evolution of the strain.
The purpose of this study was to determine by the replica plating technique (Lederberg & Lederberg, 1952) whether lac+ variants may originate in broth cultures of a lac-strain of Escherichia coli, strain 0 110, regardless of contact with lactose.
MATERIALS AND METHODS
In the experiments described below a lac-strain of Escherichia coli, strain 0 110, supplied by Dr F. Kauffmann (Statens Seruminstitut, Copenhagen), infusion broth, lactose broth (infusion broth containing 1 % lactose), 3 % infusion agar, lactose +ammonium sulphate agar (Na,HPO,. 12H,O, 8 g; KH,PO,, 1.5g; (NH4)2S04, 0.6g; MgSO,. 7H,O, 0-05g; distilled water, 800 ml.; 5 yo lactose, 100 ml.), and Difco Endo agar were used.
We used a modified replica plating technique, using-instead of velvet or velveteen-rubber disks with cylindrical excrescencies (such as used for covering table-tennis bats), glued to round glass plates. For the details of the technique see Bani5 (1956, 1958) .
Isolation of coli mutants
The broth culture of the lac-strain of Escherichia coli, strain 0 110, was initiated at the beginning of both sets of replica experiments by plating a stock strain in S (smooth) form on infusion agar and subculturing a single colony to broth.
The initial growth on the infusion agar to be replicated was obtained by spreading 0.05 ml. of 18 hr. undiluted broth culture on infusion agar, and incubating the plate 5hr. a t 37". For each subsequent selection stage the chosen broth cultures were more and more diluted (see below). In each selection stage replicas were transferred to one infusion agar plate and two lactose + ammonium sulphate agar or two Endo agar plates.
At the beginning, infusion agar and lactose +ammonium sulphate agar were used for the replica technique experiments, on the erroneous assumption that only lac+ mutants will grow on this latter medium. Later, lactose +ammonium sulphate agar was replaced by Endo agar.
RESULTS
In the experiments with lactose + ammonium sulphate agar it was possible to isolate in pure culture, by the replica technique (after six selection stages), a strain which was able to form colonies c. 1 mm. diam. on lactose +ammonium sulphate agar after 2 days' incubation. The strain was plated on Endo agar to check whether it was indeed a lactose fermenter. To our great surprise it was found not to be a lactose fermenter but only a R (rough) form.
In the replica experiments with Endo agar, after the first selection stage, only 3 lac+ colonies were noted a t congruent sites on both Endo agar plates after 8 days' incubation (Pl. 1, figs. 1 a, 1 b, 1 c). All three colonies were localized on the infusion agar master plate. These localized areas of growth were separately inoculated into broth. After 18 hr. incubation the broth cultures were diluted 0.05 ml. inoculated on to Endo agar plates, and the plates incubated. In the meantime the undiluted broth cultures were held in the refrigerator. After 3 days' incubation the lac+ colonies on the Endo plates were counted. The broth culture found to contain the greatest number of lac+ mutants was then diluted 10-1 and 0.05 ml. used to initiate growth on the infusion agar plate to be replicated in the second stage of indirect selection. After 5 hr. growth, replicas were then transferred to one infusion agar plate and two Endo agar plates. In this second stage 12 lac+ colonies grew a t congruent sites on both Endo agar plates after 3 days' incubation. Ten of these colonies were localized on the infusion agar plate, inoculated separately into broths and incubated 18 hr. As before, the broth culture yielding the greatest number of lac+ mutants Endo agar in a pilot experiment, was chosen to prepare the master plate for the third selection stage.
In this way it was possible to isolate lac+ mutants in pure culture after six stages of indirect selection.
The lac+ strain thus obtained continued to breed true after 30 subcultures in infusion broth.
Three additional experiments were then carried out. Experiment 1. 0-05 ml. of an undiluted 18 hr. broth culture of the original lac-strain of Escherichia coli, strain 0 110, grown from a small inoculum (about 200 bacteria), was spread over the surface of each of 3 Endo agar plates. The plates were incubated 7 days and examined daily. After 1 day no lac+ colony was observed on any plate. After 2 days some lac+ colonies developed on all 3 plates; 24 hr. later the size of these colonies had increased. Plate 1, fig. 2 , shows one of the 3 plates after 3 days' incubation. On this plate 4 lac+ colonies had grown. After further incubation more lac+ colonies developed.
Experiment 2 . 0.05 ml. of an 10-6 dilution of a broth culture of the original lac-strain of Escherichia coli, strain 0 110, initiated by a small inoculum, was spread over the surface of each of 3 Endo agar plates. The plates were incubated 10 days and examined daily. After 3 days', in 1-3 colonies on every plate a single secondary lac+ colony was noticed. Plate 1, fig. 3 , shows one of the plates, on which one secondary lac+ colony is easily discernible. Plate 1, fig. 4 , shows a colony from another plate containing (in the centre) a small secondary lac+ colony at the very beginning of development. After further incubation of the plates, secondary colonies developed in more than 5 0 % of the colonies. In the majority of these colonies only one secondary colony, but in a few colonies two to three secondary colonies, were observed. Experiment 3. 10 ml. infusion broth containing 1 yo lactose (lactose broth) was inoculated by 0.05 ml. of a 10" dilution of a 24 hr. broth culture of the original lac-strain of Escherichia coli, strain 0 110. After 6 hr. incubation 0.1 rnl. of the well mixed culture was transferred to a new lactose broth. Altogether 20 subcultures were made, and every subculture was incubated only 6 hr. During the night the cultures were held at 4" to prevent the multiplication of the bacteria. After 20 subcultures in lactose broth, 0.05 ml. of the final well-mixed undiluted broth culture was spread on each of 3 Endo agar plates. The plates were examined after 3 days' incubation. On each of the plates only a few lac+ colonies developed, as in Expt. 1.
DISCUSSION
The results of the replica plating experiments clearly demonstrate that lac+ mutants arise in cultures of the lac-strain of Escherichia coli, strain 0 110.
It was inferred from Expt. 1 that the mutation rate to lac+ is extremely low in our lac-strain of Escherichia coli, strain 0 110. Lac+ colonies on Endo agar after 2 days of incubation probably develop from the mutants already present in the inoculum. Lac+ colonies arising only after prolonged incubation probably develop from new mutants appearing during the growth of the culture on Endo agar.
Expt. 2 was performed because of the statement of Dean & Hinshelwood (1954) that almost every colony may become lac+ when a small number of cells is plated on lactose + ammonium sulphate agar. Dean & Hinshelwood have interpreted the results of their experiments as indicating a change from lac-to lac+ in the bulk, and not in a minute proportion, of the cells. Expt. 2, however, strongly suggests that this change is confined to a few bacteria.
I s o l u t i o n of coli mutants
The secondary lac+ colonies within the initial lac-colonies doubtless develop from one bacterium, and the fact that the lac-colonies contain only 0-3 secondary colonies make it clear that the change from lac-to lac+ occurs only in a minute proportion of the lac-bacteria. In the cited experiments of Dean & Hinshelwood, in our opinion the colonies became lac+ because of the development of secondary lac+ colonies which were difficult to observe since lactose +ammonium sulphate agar without indicator was used.
The author failed to isolate lac+ mutants in the early experiments with lactose +ammonium sulphate agar. The single strain isolated was established as a R form of Escherichia coli, strain 0 110, and nothing else. From this it was concluded that the R forms of lac-strains of E. coli, strain 0 110, are able, without fermentation, to utilize lactose to a considerable extent as a source of energy. As no growth was observed on ammonium sulphate agar without lactose, impurities in the lactose preparation might have been responsible for the growth, but the growth in the presence of lactose was too abundant to allow such a possibility. Moreover, it was observed that our lac-strain of E. coli, strain 0 110, in the S form was also able to grow to a small extent on lactose+ammonium sulphate agar, but not on the ammonium sulphate agar without lactose. The evidence therefore suggests that the lac-strain of E. coli, strain 0 110, can utilize lactose without fermentation, to a very small extent in the S form and to a rather considerable extent in the R form.
Admittedly, the possibility of isolating lac+ mutants by the replica plating technique does not prove per se that lac+ variants originate only by spontaneous mutation. The result of Expt. 3, however, do lead to this conclusion. In this experiment, the opportunity for adaptation (growing in the presence of lactose), but not for selection of lac+ mutants, existed since a lactose broth culture, after an incubation period of 6 hr., still contains enough nutrient substances other than lactose, so that the lac+ mutants do not yet have a selection advantage. It could be objected that the experiment would have been better performed on a lactose + ammonium sulphate medium on which the bacteria were ' compelled ' to adapt themselves because their sole source of carbon was lactose. Since lactose +ammonium sulphate medium acts selectively on the lac+ mutants, however, such an experiment is out of the question. 
